Abstract-Current researches show that the clutter rank is much lower than the system degrees of freedom (DoFs) in the airborne MIMO radar with orthogonal waveforms. According to this conclusion, we propose the ground clutter canceller based on the clutter recovery (CCCR) to suppress the clutter and reduce the DoFs of the clutter. Several linearly independent space-time steering-vectors are constructed to recover the original clutter received by the MIMO radar. Then clutter echoes received in adjacent pulses are maximally cancelled to build our clutter canceller. The clutter canceller can be cascaded with the conventional spatial-temporal matching or dimension-reduced STAP to form the two-stage pre-filter and detector. As the pre-filter, the CCCR can evidently reduce the clutter DoFs, leaving more system DoFs available for detecting moving targets. Therefore, the moving target detection performance of the following spatial-temporal matching or dimension-reduced STAP will definitely outperform the original one.
INTRODUCTION
Since the concept of multiple-input multiple-output (MIMO) radar first proposed in [1] , it has received considerable attention for its superiority in spatial diversity and available degrees of freedom (DoFs) compared with the traditional single-input multiple-output (SIMO) radar [1] [2] [3] . More recently, the researches on MIMO radar have been extended to the space-time adaptive processing (STAP) [4] [5] [6] , which is an important technique in the airborne radar due to its remarkable ability of the clutter suppression and the moving target detection. The STAP in MIMO radar will obtain better target detection performance for more available system DoFs. However, the MIMO STAP will face more severe clutter environment because of the extra dimension introduced by transmitting orthogonal waveforms.
Clutter rank, which is characterized by the number of dominant eigenvalues of the clutter covariance, is a key point in STAP since it implies how many remaining system DoFs can be exploited to detect moving target. According to the conclusion in [3] , in MIMO radar with orthogonal waveforms, the clutter rank is rather lower than the system DoFs. In other words, the ground clutter can be recovered by a small number of linearly independent vectors in clutter space [8] . Hence, inspired by this idea, we propose the ground clutter canceller based on the clutter recovery (CCCR) to further enhance the clutter suppression and the moving target detection ability in the airborne MIMO radar. 
II. THE GROUND CLUTTER CANCELLER BASED ON
The parameter
f r r r r    [16] .
Obviously, the clutter space can be spanned by the columns of Ψ .
As similar to (1), (2) can be regarded as the clutter space-time snapshots from some clutter patches. Then () k x that represents clutter echoes received at the th k transmitting pulse can be written as
where
One re-express (4) as the matrix-vector form
In order to design the CCCR, a filtering coefficient matrix A is established to minimize the residual clutter energy between adjacent pulses, that is 
The solution to (9) 
III. THE PROPOSED TWO-STAGE CLUTTER FILTER
In fact, the CCCR proposed can be exploited as a clutter pre-filter before the spatial-temporal matching or dimension-reduced STAP to form the two-stage clutter filter. In the first stage, the CCCR as the pre-filter can effectively filter out most of the clutter. The second stage, which is often the spatial-temporal matching or dimension-reduced STAP, can further suppress the residual clutter and detect the moving target.
The space-time data received by the MIMO radar system in a CPI rearranged into a vector can be expressed as
Assuming that the spatial-temporal steering-vector of the target is expressed as As a result, the dimension-reduced space-time filter is:
where  is a constant and Fig.1(a) shows the original clutter spectral. The clutter ridge is distributed along the diagonal in the angle-Doppler plane. Compared with the strong clutter, the target which is located on the right side of the clutter ridge is much weaker. Fig. 1(b) shows that after filtering, the power of the clutter is sharply reduced. Obviously, the power of the moving target is considerably stronger than the main clutter. This indicates that the CCCR can effectively suppress the clutter by forming the nulling along the clutter ridge. It is worth noting that the CCCR pre-filter facilities the following detection of the moving target. Fig. 2 shows the eigenvalue distribution of the clutter covariance before and after the CCCR pre-filtering. In general, the clutter rank is characterized by the number of the dominant eigenvalues. According to the setting MIMO radar parameters, the theoretical number of the dominant eigenvalues is about 28, which is totally satisfied with the experimental result shown in Fig. 3 . The dotted line shows that after CCCR pre-filtering, the number of the dominant eigenvalues is apparently reduced to less than 20. Low clutter DoFs implies that more system DoFs are available for moving target detection 
